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Abstract 
 
Maternal Porphyromonasgingivalis infection on periodontal tissue can result in Porphyromonasgingivalis 
dissemination to umbillical cord. Porphyromonas gingivalis presumably gain access to the systemic circulation 
via local tissue inflammation, and may affect the placental development and the fetus itself. This study aimed to 
analize the effect of periodontal infection with Porphyromonas gingivalis on placental development, and to 
determine its effect on fetal growth in a pregnant rat model. Female rats were infected with live-Porphyromonas 
gingivalis at concentration of 2x109 cells/ml into subgingival sulcus of the maxillary first molar before and/or 
during pregnancy. They were sacrified on gestational day (GD) 20. Fetuses were evaluated for weight and 
length. All placentas were fixed in 10% buffered formalin, processed for paraffin embedding, and stained with 
hematoxylin and eosin.The histopathological analysis of placentas on GD 20 showed that trophoblast cells in 
labyrinth and junctional zone had a greater density in control group than Porphyromonas gingivalis-infected 
periodontal maternal group. The nucleated-erythrocytes were found more abundant in the fetal blood vessels of 
Porphyromonas gingivalis-infected periodontal maternal group than in the fetal blood vessels of control group. 
In conclusion, the impaired placental morphology influenced the normal function of placenta to maintain the 
growth and development of fetus. The decreased placental weightresulted in the decreased of fetal weight 
andlength. 
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Abstrak 
 
Infeksi Porphyromonas gingivalis pada jaringan periodontal maternal dapat mengakibatkan penyebaran 
Porphyromonas gingivalis ke tali pusat janin. Porphyromonas gingivalis mungkin mendapatkan akses ke 
sirkulasi sistemik melalui peradangan jaringan lokal dan mempengaruhi perkembangan plasenta dan janin itu 
sendiri. Penelitian ini bertujuan untuk menganalisis pengaruh infeksi periodontal oleh Porphyromonas gingivalis 
pada perkembangan plasenta, dan menentukan pengaruhnya terhadap pertumbuhan janin pada model tikus 
hamil. Tikus betina diinfeksi dengan live-Porphyromonas gingivalis konsentrasi 2x109 sel/ml pada sulkus 
subgingiva molar pertama maksila sebelum dan/atau selama kehamilan. Tikus betina tersebut dikorbankan pada 
hari ke-20 kehamilan. Janin dievaluasi untuk berat badan dan panjangnya. Semua plasenta difiksasi dengan10% 
bufer formalin, diproses untuk embedding parafin, dan diwarnai dengan hematoksilin dan eosin. Analisis 
histopatologi plasenta pada GD20 menunjukkan bahwa sel-sel trofoblas di zona labirin dan junctional memiliki 
kepadatan yang lebih besar pada kelompok kontrol dibandingkan kelompok periodontal maternal yang diinfeksi 
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Porphyromonas gingivalis. Eritrosit-berinti ditemukan lebih banyak di dalam pembuluh darah janin dari 
kelompok periodontal maternal yang diinfeksi Porphyromonas gingivalis daripada di dalam pembuluh darah 
janin dari kelompok kontrol. Kesimpulannya, gangguan morfologi plasenta mempengaruhi fungsi normal 
plasenta untuk mempertahankan pertumbuhan dan perkembangan janin. Penurunan berat plasenta 
mengakibatkan penurunan berat badan janin dan panjang janin. 
 
Kata kunci: Porphyromonasgingivalis; periodontitis; kehamilan; perkembangan plasenta; pertumbuhan janin 
 
 
Introduction 
 
 Porphyromonas gingivalis is a Gram-
negative, black-pigmented anaerobe asso-
ciated with several periodontal diseases1.  
This bacteria has most frequently been 
detected in deep periodontal pockets and has 
exhibited a low prevalence in healthy perio-
dontal tissue without destructive inflamma-
tion2. Porphyromonas gingivalis has been 
found to adhere to various oral surfaces in 
periodontitis patients3 and has also been 
detected within gingival tissues in vivo4. It 
has also been shown that this organism 
invades oral epithelial cells in vitro5. The 
abilities of Porphyromonas gingivalis to 
adhere and invade have been strongly 
implicated in the periodontal pathogenicity 
of this organism. Our previous study showed 
that Porphyromonas gingivalis infection in 
maternal periodontal tissue can result in 
Porphyromonas gingivalis dissemination to 
umbillical cord and induction of fetal growth 
restriction, but Porphyromonas gingivalis 
was not always detected in the umbillical 
cord from abnormal pregnancies6. 
The growth and survival of fetus is 
dependent on placenta, which forms the 
interface of feto-maternal circulation, 
facilitates metabolism, gas exchange, and 
waste disposal of the fetus. In addition, the 
placenta produces hormones altered maternal 
physiology during pregnancy, and forms a 
barrier against the maternal immune system7. 
Murine placenta consists of decidual zone, 
juntional zone and labyrinth zone. Labyrinth 
zone consists of branched villi designed for 
the efficient exchange of nutrients8. Maternal 
and fetal blood flows are adversely in the 
labyrinth to maximize the transport of 
nutrients9. If the labyrinth does not obtain the 
proper pattern, branching and dilatation of 
vascularization, then perfused placenta will 
be disrupted so that the diffusion of oxygen 
and nutrients to be disturbed10. 
Therefore, we hypothesized that 
Porphyromonas gingivalis and its lipopoly-
saccharide from periodontal tissue can 
spread into the uterus through the circulatory 
system, then induces placental inflammatory 
response resulting in fetal growth restriction. 
The aims of this study were to analize the 
effect of periodontal infection with 
Porphyromonas gingivalis on placental 
development, and to determine its effect on 
fetal growth in a pregnant rat model.  
 
Materials And Methods 
 
All procedures were approved by the 
Ethics Committee, Faculty of Medicine, 
Universitas Gadjah Mada, Yogyakarta, Indo-
nesia. This study had taken adult female 
Sprague-Dawley rats, 2 months old, 150-250 
g and primiparous. The rats were maintained 
on the controlled and standardized condi-
tions. The subjects of study were subdivided 
into 1) the control group: no Porphyromonas 
gingivalis infection; and 2) the experimental 
group: an infection of Porphyromonas 
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gingivalis before and during pregnancy (Pg-
BD). Each group consisted of five pregnant 
rats. 
Induction of experimental periodontitis 
was performed by injection of 0.05 ml live-
Porphyromonas gingivalis ATCC 33277 
with a concentration of 2x109cells/ml into 
the distopalatal and distobuccal gingival 
sulcus area of maxillary first molar. Injection 
was repeated every 3 days for 30 days. For 
infection after pregnancy, it was also 
performed by a repeated injection every 3 
days for 19 days. Control group rats were 
injected with saline 0.05 ml as the treatment 
schedule of the treatment group rats. Then, 
the female rats were mated with the same 
strain of male rat overnight ratio 2:1. The 
next morning, female rats were removed 
from the cages and examined the vaginal 
plug. If the vaginal plug was found, the day 
was recorded as GD1. 
The pregnant rats were sacrificed on GD 
20. Fetuses were removed post-mortem from 
the uterus and surrounding membranes. Each 
fetus was removed from chorioamniotic sac. 
Placental weight, fetal weight and fetal 
length were weighed to the nearest 
microgram. The resorption site and viable 
fetuses were counted and recorded for each 
rat. The viability of each fetus was assessed 
visibly. Fetuses were evaluated for weight 
and crown-tail length. Blood of umbillical 
cord was collected from each fetus and 
pooled per dam. 
All placentas were fixed in 10% 
buffered formalin, dehydrated, processed for 
paraffin embedding, serial section at 5 μm 
and stained with hematoxylin and eosin. 
Samples were analyzed using descriptive 
histology. The density of trophoblast cells in 
labyrinth zone, junctional zone and decidual 
zone, and erythrocytes in the fetal blood 
vessels were examined by light microscopy. 
Descriptive histological anal y sis was 
carried out by a trained ex aminer who was 
blind to the groups. 
Numerical variables consisted of 
placental weight, fetal weight and fetal 
length. These variables were performed by 
statistical analyzes to determine effect of 
Porphyromonas gingivalis infection in 
pregnant rats to fetal growth. Independent 
samples T-test was performed to compare 
the placental weight, fetal weight and fetal 
length of maternal periodontal infection. 
Linear regression analysis was to analyze the 
linear corelation between numerical varia-
bles. Value of significance was determined 
as P<0.05. Numerical data were presented in 
mean ± standard deviation. 
 
Results 
 
Placental development and fetal growth 
was observed on GD 20. This study only 
observed morphological defects, because 
abnormalities of the function such as central 
nervous system disorders could not be 
detected immediately after the fetus was 
taken from chorio-amniotic sac. This study 
showed that there were no fetal morpho-
logical defects in all groups, but placental 
weight, fetal weight and fetal length of the 
Porphyromonas gingivalis-infected perio-
dontal maternal group was lower than the 
control group (Table 1). Furthermore, 
placental weight affected (P<0.05) fetal 
weight and fetal length (Table 2). Each 
addition of 1 gram of placental weight, it 
will increase fetal weight at 7.014 grams. In 
addition, it will also increase fetal length at 
58.773 mm. 
The histopathological analysis of 
placentas (Figure 1) showed that trophoblast 
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cells in labyrinth and junctional zone had a 
greater density in control group than 
Porphyromonas gingivalis-infected perio-
dontal maternal group. All placentas from 
Porphyromonas gingivalis-infected peri-
odontal maternal group had a lot of spaces 
between the trophoblast cells.  The 
nucleated-erythrocytes were found more 
abundant in the fetal blood vessels of 
Porphyromonas gingivalis-infected perio-
dontal maternal group than in the fetal blood 
vessels of control group.  
 
Discussion 
 
Pregnancy is a natural condition that 
must be followed to be able to accept and 
tolerate the fetus as well in order to obtain 
good results. This study showed that 
Porphyromonas gingivalis exposure had 
disrupted this balance. During the 
experiment, pregnant rats infected with 
Porphyromonas gingivalis has decreased 
motion activity, but no pregnant rats died 
spontaneously. 
During periodontal infection, the 
amount of periodontal pathogens may 
increase dramatically, causing transient 
bacteremia11,  which resulted in a selective 
bacterial colonization in other body parts12. 
Our previous studies showed that 
Porphyromonas gingivalis from maternal 
periodontal tissue can spread through the   
blood circulation until colonizes in placenta6. 
Trophoblast cells in labyrinth and 
junctional zone of the Porphyromonas 
gingivalis-infected periodontal maternal 
group had less density than control group. It 
is thought to be due to Porphyromonas 
gingivalis exposure that causes an increase in 
apoptosis of trophoblast cells in the labyrinth 
and junctional zone. Furthermore, the 
nucleated-erythrocytes were found more 
abundant in the fetal blood vessels of 
Porphyromonas gingivalis-infected perio-
dontal    maternal group than in the fetal 
blood vessels of control group. On GD 20, 
erythrocytes in the fetal blood vessels should 
not be nucleated. 
When nucleated erythrocytes were 
found in the Porphyromonas gingivalis-
infected periodontal maternal group on GD 
20 then it is suspected that the placenta has 
undergone developmental disorder, yet still 
trying to produce fetal erythrocytes to 
provide for oxygen and nutrients. This 
assumption is supported by some researchers 
who stated that the increase in blood levels 
of fetal nucleated erythrocytes were 
associated with increased concentrations of 
erythropoietin, which induces erythropoesis. 
Tissue hypoxia resulted in increased levels 
of erythropoietin production in the liver and 
stimulated release early erythrocytes from 
the bone marrow to the cardiovascular 
system13-14. Furthermore, an increasing 
number of nucleated erythrocytes in the 
blood of newborns may also be associated 
with IUGR15. Another factor that may 
contribute to an increased number of 
nucleated erythrocytes in the blood of 
newborns is an intrauterine infection. Acute 
chorioamnionitis resulted in increased 
concentrations of erythropoietin and the 
number of nucleated erythrocytes in the 
blood of newborn babies. Erythropoietin 
concentrations were higher in newborns of 
pregnancies with placental inflammation in 
histopathological analysis16. Leikin et al., 
(1997) also observed an increase in 
nucleated erythrocytes in cases of placental 
infection was only demonstrated by 
histopathological findings but was not found 
in clinical symptoms17. Higher levels of 
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nucleated erythrocytes were found in 
premature infants from pregnancies 
complicated by intrauterine infection without 
acidosis or hypoxemia18. So it can be 
postulated that the increased number of 
nucleated erythrocytes may be due to the 
inflammatory response of the fetus in the 
placenta. 
Impaired fetal growth of the 
Porphyromonas gingivalis-infected perio-
dontal maternal grouphas impaired placental 
morphology which is characterized by 
decreased density of trophoblast cells. 
Impaired placental morphology greatly 
affects the normal function of the placenta to 
maintain the growth and development of the 
fetus. Placental functions include adequate 
trophoblast invasion, increased uteropla-
cental blood flow during pregnancy, 
transport of nutrients such as glucose and 
amino acids from mother to fetus, as well as 
the production and transfer of regulating 
growth hormones19. 
The establishment of functional fetal and 
placental circulation is the earliest events 
during the development of the embryo or 
placenta. Increased transplacental exchange 
that supports the exponential increase in fetal 
growth during the last half of pregnancy, 
especially depending on the dramatic growth 
of placental blood vessels and the resultant 
increase in umbilical and uterine blood 
flow20. Placental vascular development and 
function will have an impact on fetal growth 
and development. 
This study showed that placental weight 
was closely correlated with fetal weight and 
fetal length. Decreased placental weight will 
result in decreased fetal weight and fetal 
length. Strong correlation between placental 
weight to fetal weight and fetal length may 
be influenced by differences in morpho-
logical structure of placenta, characterized 
by the density of trophoblast cells in 
labyrinth zone. This will probably lead to an 
increase in the volume fraction of labyrinth 
zone, and a decrease in the volume fraction 
of junctional zone. In addition, this study 
also have found decreased fetal blood vessels 
and space interhaemal labyrinth of placenta 
from the Porphyromonas gingivalis-infected 
periodontal maternal group, that will lead to 
lower diffusion ability of placenta. It can 
reduce oxygen levels, nutrient absorption, 
and fetal placental blood flow. 
 
Conclusion 
 
The impaired placental morphology 
influenced the normal function of placenta to 
maintain the growth and development of 
fetus. The decreased placental weight 
resulted in the decreased fetal weight and 
fetal length. 
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Table 1. Maternal periodontal infection correlated with placental weight, fetal weight 
and fetal length on GD 20 
 
Variable 
Maternal periodontal infection 
  
Pg-BD 
  
P 
Control 
Placental weight, g, n(x±SD) 30(0,62±0,09) 43(0,22±0,03) 0 
Fetal weight, g, n(x±SD) 30(4,08±0,43) 43(0,56±0,17) 0 
Fetal length, mm, n(x±SD)  30(48,97±1,75) 43(18,39±1,61) 0 
Pg-BD : Porphyromonas gingivalis-infected periodontal maternal group 
 
Table 2. Effect of placental weight to fetal weight and fetal length on GD 20 
 
Variable 
Placental weight (gram) 
N R2 B P 
Fetal weight, gram 141 0,656 7,014 0,000 
Fetal length, mm 141 0,609 58,773 0,000 
 
 
A B 
* 
* 
* 
* 
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Figure 1. The placenta of control group (A) 
and Porphyromonas gingivalis-infected 
periodontal maternal group (B) on GD 20. 
The placenta of the control group (A) had a 
greater density of fetal blood vessels and 
trophoblast cells in the labyrinth zone and 
junctional zone than Porphyromonas 
gingivalis-infected periodontal maternal 
group. Placentas from Porphyromonas 
gingivalis-infected periodontal maternal 
group had a lot of spaces between the 
trophoblast cells (*), resulting in trophoblast 
cells became less density (B). 40x 
Magnification. Labyrinth zone of 
Porphyromonas gingivalis-infected perio-
dontal maternal group group (D) had more 
nucleated erythrocytes in the fetal blood 
vessels than the control group (C). 400x 
Magnification. 
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